Introduction
============

Esophageal cancer is the eighth most common cancer and the sixth leading cause of cancer-related deaths worldwide and includes two histological types: esophageal adenocarcinoma and esophageal squamous-cell carcinoma (ESCC).[@b1-ott-11-8221],[@b2-ott-11-8221] The latter is the major histological type and the predominant subtype in East Asia.[@b3-ott-11-8221] Even though recent years have witnessed significant progress in endoscopic therapy, chemotherapy, and radiation, the prognosis of ESCC is still unsatisfactory.[@b4-ott-11-8221] Evaluation dependent on clinicopathological characteristics is still poor due to significant variability within the same stage.[@b5-ott-11-8221]--[@b7-ott-11-8221] Therefore, novel biological markers are required to improve accurate identification of high-risk populations and appropriate management of ESCC.

DKK1 is a secreted protein induced by the β-catenin--TCF4 complex.[@b8-ott-11-8221] As a Wnt signal-negative regulator, DKK1 is highly expressed in various carcinomas. It has been reported that DKK1 is an independent and significant predictive factor of ESCC and associated with poor prognosis.[@b8-ott-11-8221]--[@b10-ott-11-8221] CKAP4, a 63 kDa palmitoylated type II trans-membrane protein, was originally discovered to anchor the endoplasmic reticulum to microtubules in epithelial cells.[@b11-ott-11-8221]--[@b13-ott-11-8221]

Recent evidence supports CKAP4 being a novel receptor of DKK1.[@b10-ott-11-8221],[@b14-ott-11-8221] At the plasma membrane, the binding of DKK1 to CKAP4 triggers the PI3K--Akt pathway, which promotes the proliferation of various carcinoma cell culture lines.[@b10-ott-11-8221],[@b14-ott-11-8221] Previous findings have suggested that CKAP4 might be a novel molecular target for the clinical management of cancer.

Li et al[@b15-ott-11-8221] found increased expression of CKAP4 in intrahepatic cholangiocellular carcinoma patients. Besides, CKAP4 presented associations with tumor size, metastasis situation, and TNM stages. The study indicated that CKAP4 was an independent predictor for overall survival, which suggested that it was a prognostic marker of intrahepatic cholangiocellular carcinoma. Shinno et al[@b10-ott-11-8221] found that compared with normal esophageal mucosa, DKK1 and CKAP4 had high expression in regions of ESCC by immunohistochemical analyses. Moreover, expression of DKK1 and CKAP4 was associated with poor prognosis and relapse-free survival.

Current evidence supports that tumor expression of CKAP4 in several carcinomas, evaluated by immunohistochemistry, has an association with cancer development and prognosis and thus may be a novel marker for cancers.[@b10-ott-11-8221],[@b12-ott-11-8221] Recently, Yanagita et al[@b11-ott-11-8221] confirmed that CKAP4 was a secreted protein produced by lung cancer cells. They found that serum CKAP levels were higher in lung cancer patients than in healthy controls. Also, serum CKAP4 levels correlated with distant metastasis. Furthermore, the sensitivity of serum CKAP4 was higher than that of other markers for lung cancer. This study suggested that CKAP4 might be a serodiagnostic marker for lung cancer.

In this study, first, we measured the serum levels of CKAP4 in 207 ESCC patients and 207 age-/sex-matched healthy controls using commercial ELISA kits. Also, the association between serum CKAP4 and disease-free survival was evaluated.

Methods
=======

Study design and patients
-------------------------

This longitudinal cohort study recruited 207 ESCC patients who underwent surgical resection at Suqian People's Hospital between 2011 and 2016. Subjects with severe cardiopulmonary disease, severe liver diseases, renal insufficiency, and endocrine diseases were excluded. Subtotal esophagectomy via thoracotomy with lymphadenectomy was performed in the patients. None of them died due to postoperative complications. After surgery, patients were surveyed by physical and biochemical examinations semiannually and computed tomography and endoscopy annually until tumor recurrence was evident. If their systemic conditions permitted, ESCC patients with tumor recurrence received chemotherapy or chemoradiotherapy. A total of 207 healthy subjects who attended annual endoscopic examination in the outpatient department were invited to participate in this study on the principle of age-/sex-matched case--control. The project was approved by the Ethics Committee of Suqian People's Hospital in accordance with the Helsinki Declaration of 1964. Before participation, each participant gave written informed consent.

Examinations
------------

Histopathologically confirmed ESCC tissue samples were chosen for Western blotting, while normal or inflammatory tissue samples from healthy participants were grouped as controls. Rabbit monoclonal anti-CKAP4 (ab84712) antibody was purchased from Abcam (Cambridge, UK). Blood samples were obtained and frozen for further evaluation of serum CKAP4 levels by ELISA (CSB-EL005453HU; Cusabio, Wuhan, China).

We randomly selected six participants (three ESCC patients and three healthy controls). We measured circulating levels of CKAP4 with ELISA and evaluated CKAP4 expression in normal or carcinomatous esophagus tissues by Western blotting. Results showed reliable consistency between circulating levels and tissue expression of CKAP4 in regions of interest, as shown in [Figure S1](#SD1-ott-11-8221){ref-type="supplementary-material"}.

Statistical methods
-------------------

Student's unpaired *t*-tests and *χ*^2^ tests were used for comparisons between two groups. Receiver-operating characteristic (ROC) curves for serum CKAP4 was developed to identify the presence of ESCC. Prognostic variables were evaluated by log-lank test, and disease-free survival was analyzed by Kaplan--Meier methods. Univariate and multivariate Cox proportional-hazard regression models were used to analyze prognostic variables for disease-free survival. All statistical analyses were performed by SPSS (version 21.0; IBM Corporation, Armonk, NY, USA). Two-sided *P*\<0.05 was considered statistically significant.

Results
=======

[Table 1](#t1-ott-11-8221){ref-type="table"} presents the characteristics of ESCC patients in this study.

Serum levels of CKAP4
---------------------

As shown in [Figure 1](#f1-ott-11-8221){ref-type="fig"}, serum CKAP4 levels were higher in ESCC patients (n=207, 380.2±171.3 pg/mL) than healthy controls (n=207, 271.8±97.4 pg/mL; *P*\<0.001).

Performance of CKAP4 in diagnosis of ESCC
-----------------------------------------

[Figure 2](#f2-ott-11-8221){ref-type="fig"} shows the ROC curve of serum CKAP4 levels to identify the presence of ESCC (area under curve 0.675 \[95% CI 0.622--0.728, *P*\<0.001\]). According to Youden's index, the best cutoff value was 429.1 pg/mL (sensitivity 0.415 and specificity 0.995).

Correlation between CKAP4 levels and survival
---------------------------------------------

As indicated in [Table 2](#t2-ott-11-8221){ref-type="table"}, on univariate analysis, relationships among histology (HR 0.630, 95% CI 1.713--5.059; *P*=0.045), pT (HR 2.135, 95% CI 1.132--4.025; *P*=0.019), pN (HR 2.112, 95% CI 1.250--3.569; *P*=0.005), serum CKAP4 (HR 1.546, 95% CI 1.105--2.162; *P*=0.011), and disease-free survival were significant.

[Table 3](#t3-ott-11-8221){ref-type="table"} presents multivariate analysis using the four statistically significant variables from univariate analysis, identifying that pathological lymph node-metastases were the poorest prognostic factor (HR 1.862, 95% CI 1.093--3.173; *P*=0.022), followed by serum CKAP4 (HR 1.437, 95% CI 1.025--2.014; *P*=0.035).

[Table 4](#t4-ott-11-8221){ref-type="table"} shows mean survival time (75.0 months, 95% CI 68.0--81.9). When stratified by tertiles of serum CKAP4, subjects in the first tertile presented a mean survival time of 75.4 months (95% CI 68.0--81.9), which was significantly decreased in the second tertile (73.8 months, 95% CI 61.4--86.3) and the third tertile (59.9 months, 95% CI 49.8--70.0, log-rank \[Mantel--Cox\] *χ*^2^=8.235; *P*=0.016; [Figure 3](#f3-ott-11-8221){ref-type="fig"}).

Discussion
==========

Inspired by the studies of Shinno et al[@b10-ott-11-8221] and Yanagita et al,[@b11-ott-11-8221] we first evaluated serum levels of CKAP4 in cancer patients. We found that serum CKAP4 levels were higher in ESCC patients than healthy controls. Besides, serum CKAP4 presented fine specificity to identify the presence of ESCC. Furthermore, circulating levels of CKAP4 were associated with disease-free survival time.

Recent research has reported that the expression of CKAP4 presented associations with clinical outcome and prognosis of intrahepatic cholangiocarcinoma and hepatocellular carcinoma.[@b10-ott-11-8221],[@b15-ott-11-8221] Shinno et al[@b10-ott-11-8221] demonstrated that DKK1 activates Akt via CKAP4 in ESCC cells. The PI3K--Akt pathway might be a downstream cascade of the DKK1-- CKAP4 signaling axis in ESCC cases, which is positive for both proteins. Reports have shown that about 40% of ESCC patients and 60% pancreatic and non-small-cell lung cancer patients showed overexpression of CKAP4.[@b10-ott-11-8221],[@b14-ott-11-8221] The role and mechanisms of CKAP4 in carcinomas are still unknown. Further investigation is needed for better understanding of CKAP4 in esophageal cancer.

Despite recent progress in clinical management and treatment, ESCC patients' survival is still poor.[@b10-ott-11-8221],[@b16-ott-11-8221] Given that most patients are initially diagnosed in advanced stages, practical biomarkers for identifying patients at resectable early stages of ESCC are urgently required. It has been reported that CKAP4 was secreted through exosomes of colon and ovarian cancer cells and detected in urine.[@b17-ott-11-8221]--[@b19-ott-11-8221] Yanagita et al[@b11-ott-11-8221] generated an antibody named KU-Lu-1 by reverse-phase protein array, which could recognize CKAP4. They demonstrated serum CKAP4 as an early serodiagnostic marker for lung cancer.

Inspired by previous findings, we tried to evaluate serum levels of CKAP4 in ESCC patients using commercial ELISA kits. To begin with, we validated circulating levels of CKAP4 and their association with tissue expression of CKAP4 in ESCC, which presented reliable consistency. Then, we found that serum CKAP4 levels increased in ESCC patients compared with healthy controls. Also, serum CKAP4 presented high specificity to identify the presence of ESCC, even though sensitivity was low. This also indicated an acceptable negative predictive value and a high positive predictive value. In a hospital-based case--control design, cross-sectional studies in multiple endoscopic centers are required to evaluate the utility of serum CKAP4 measurement in screening ESCC in symptomatic populations. We believe that CKAP4 could be utilized as a biomarker in endoscopic examination and help endoscopists to screen symptomatic populations and identify ESCC patients. A total of 207 ESCC patients who underwent surgical resection were followed up. Imaging/pathology information and treatment procedures were recorded. Circulating CKAP4 levels were associated with disease-free survival, which suggested serum CKAP4 might also be a biomarker for clinical prognosis of ESCC.

Our study has some limitations. First, given the close association between DKK1 and CKAP4,[@b20-ott-11-8221] further studies on serum levels of DKK1 are required. Second, comparisons with other biomarkers for ESCC, eg, SCC antigen,[@b21-ott-11-8221] are needed. Meanwhile, patients with other esophageal diseases, eg, esophageal polyps, should be included to rule out potential false-positive results. Moreover, experiments should be performed to discover the secretion process of CKAP4 protein from carcinoma tissue. Finally, the mechanism of increased CKAP4 expression and its association with poor prognosis needs further investigation.

Conclusion
==========

This study found that serum CKAP4 levels were higher in ESCC patients than healthy controls. Circulating levels of CKAP4 were associated with disease-free survival. This suggests that serum CKAP4 could be a potential biomarker for the clinical management of ESCC.

Supplementary material
======================

###### 

Six participants (three ESCC patients and three healthy controls) were selected.

**Notes:** We measured circulating levels of CKAP4 using ELISA and evaluated CKAP4 expression in esophageal normal or carcinomatous tissue using Western blotting. Results presented reliable consistency between circulating levels and tissue expression of CKAP4 in regions of interest.

**Abbreviation:** ESCC, esophageal squamous-cell carcinoma.
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![Comparison of serum CKAP4 between healthy controls and cancer cases.\
**Note:** Serum CKAP4 levels between healthy controls (n=207, 271.8±97.4 pg/mL) and esophageal cancer patients (n=207, 380.2±171.3 pg/mL; *P*\<0.001).](ott-11-8221Fig1){#f1-ott-11-8221}

![ROC curve of CKAP4 to identify esophageal cancer.\
**Notes:** ROC curve of serum CKAP4 levels to identify the presence of esophageal cancer (area under ROC curve, 0.675; 95% CI 0.622--0.728; *P*\<0.001). According to the Youden's index, the best cutoff value was 429.1 pg/mL (sensitivity, 0.415; specificity, 0.995; positive predictive value, 0.989; negative predictive value, 0.630). Diagonal segments are produced by ties.\
**Abbreviation:** ROC, receiver-operating characteristic.](ott-11-8221Fig2){#f2-ott-11-8221}

![Survival curves according to serum CKAP4 levels.\
**Note:** Disease-free-survival curve classified according to the tertiles of serum CKAP4 levels for all patients, plotted by Kaplan--Meier methods.](ott-11-8221Fig3){#f3-ott-11-8221}

###### 

Patient characteristics

  -------------------------------- -------------
  Number                           207
  Age (years)                      61.6±14.2
  Follow-up (months)               31.0±20.9
  Serum CKAP4 (pg/mL)              380.2±171.3
  Sex (male/female)                144/63
  Histology (good/moderate/poor)   33/139/35
  Location (upper/middle/lower)    22/104/81
  Chemotherapy (no/yes)            117/90
  pT (1--2/3--4)                   68/139
  pN (\<4/≥4)                      112/95
  pStage (I/II/III/IV)             23/64/83/37
  -------------------------------- -------------

**Note:** Data are represented as mean±SD for continuous variables. pN, pT, and pStage according to TNM classification.

###### 

Univariate survival analysis of disease-free survival by Cox proportional-hazard model

                 HR      95% CI         *P*-value
  -------------- ------- -------------- -----------
                                        
  Age            0.758   0.453--1.267   0.290
  Sex            1.138   0.646--2.003   0.655
  Histology      0.630   0.402--0.989   0.045
  Location       0.748   0.496--1.126   0.164
  Chemotherapy   0.596   0.348--1.022   0.060
  pT             2.135   1.132--4.025   0.019
  pN             2.112   1.250--3.569   0.005
  CKAP4          1.546   1.105--2.162   0.011

**Note:** Histology (good/moderate/poor), location (upper/middle/lower), chemotherapy (no/yes), pT (1--2/3--4), and pN (\<4/≥4) based on TNM classification.

###### 

Multivariate analysis of disease-free survival by Cox proportional-hazard model

              HR      95% CI         *P*-value
  ----------- ------- -------------- -----------
                                     
  Histology   0.686   0.435--1.080   0.104
  pT          1.835   0.962--3.499   0.065
  pN          1.862   1.093--3.173   0.022
  CKAP4       1.437   1.025--2.014   0.035

**Note:** Histology (good/moderate/poor), pT (1--2/3--4), and pN (\<4/≥4) based on the TNM classification.

###### 

Survival time by CKAP4 tertiles

            Mean (months)   95% CI
  --------- --------------- ------------
                            
  T1        75.4            67.6--83.1
  T2        73.8            61.4--86.3
  T3        59.9            49.8--70.0
  Overall   75.0            68.0--81.9

**Notes:** Disease-free survival according to serum CKAP4 tertile. Log-rank (Mantel-- Cox): *χ*^2^=8.235, *P*=0.016.
